Many physiological mechanisms show a circadian (around 24 hours) rhythm, related to adrenal, renal, cardiovascular function and body temperature (Conroy & Mills 1970) . The best-established rhythm is body temperature. The ability of healthy volunteers to withstand painful electric shocks has a documented circadian rhythm, the subjects becoming more sensitive as the day progresses (Procacci 1972) . The present study assesses variability in intensity during the day of continued pain of pathological origin and relates changes in intensity to other factors (Blake 1967 , 1971 , Folkard 1975 .
As pain is essentially a subjective phenomenon the patient's own assessment of intensity was recorded. This meant assessments were made only when the patient was awake so that the study is one of diurnal variation (variation over the waking day). Subjective alertness is also known to exhibit a circadian rhythm: it is possible that the intensity of pain experienced by a patient might be related to how drowsy he felt. Finally, it is clearly important to determine whether the diurnal variation of the intensity of pain, if it exists, differs in easily identifiable facto!s. Procedure A total of 54 patients with intractable pain from a variety of causes agreed to report their pain every two hours from 08.00 to 22.00 on seven successive days using a visual analogue scale (Mersky 1973) . They were also asked to record their subjective alertness using a similar scale, and their oral temperature using a standard mercury thermometer. The visual analogue scale consisted of a 10 cm horizontal line with its ends labelled 'none' and 'greatest' in the case of pain or 'drowsiest' and 'alertest' in the case of alertness. The patients were instructed to imagine that the left of the line represented no pain or the drowsiest they ever felt, the extreme right the greatest pain or the alertest they ever felt. They were instructed to put a mark through the line to indicate how intense their pain was or how alert they felt at that time. Each patient was issued with seven booklets of 24 pages, that is one book for every day of the reporting period. A separate page was provided for each recording in the order alertness, pain and temperature; provision was also made for comments by the patients about any other parameters on the temperature page. All the patients were shown examples of how to use the scale and were given verbal instructions. The visual analogue scales were scored by measuring the distance of the patient's mark in millimetres from the extreme left-hand end of the line. Thus the possible range of scores was 0-100, with high scores indicating higher levels of alertness or pain than low scores.
The patients also completed an Eysenck Personality Inventoiy which yields scores on the personality dimension of extroversion, neuroticism and social conformity. Records were kept of sex and age of the patients, and whether they typically went out to work during the day or stayed at home. In addition, records were available on the cause of theii pain and the type of treatment they were receiving during the day.
Resiltts
Complete records were obtained from 39 patients, while a further 2 patients completed all but the temperature records. Any patient who omitted more than two reports at any one time of the day 9 369 was excluded from the study. Three lines of analyses were pursued: (1) To determine whether there was a diurnal variation in the intensity of pain reported.
(2) To determine whether the nature of the diurnal variation in pain, if found, differed for patients in terms of the factors mentioned above (e.g. personality type, age, sex, &c.).
(3) To determine whether the intensity of the pain reported was related to subjective alertness or oral temperature.
The Diurnal Variation in Pain An analysis of variance was performed on each of the parameters in order to determine the reliability of the diurnal variation in them. These analyses also examined (a) the possibility of there being a significant variation in those parameters associated with the day of the week and (b) whether the diurnal variation in these parameters was different on different days of the week. The analysis based on the reported pain scores indicated that there was a highly significant (0.1 %) diurnal variation, but no effect of the day of the week and no suggestion of diurnal variation differing with different days of the week. The diurnal variation in pain scores is shown in Fig 1. The reported pain clearly increased in a fairly linear manner over the whole day, with the exception of two slight peaks at 12.00 and 18.00. The shape of this diurnal variation in reported pain is similar to that reported for the sensitivity of the skin to the pricking pain threshold (Procacci 1972) . However, while Procacci found sensitivity to be at a maximum at 18.00, and then to decrease after that time, the patients in the present study reported the maximum pain intensity at -22.00, the last recording of the day.
Factors Affecting Diuirnal Variation in Pain
This second line of analysis was concerned with whether the nature of the diurnal variation in perceived pain described above was general to all patients studied, or whether there were differences between easily identifiable subgroups of patients.
The factors by which these subgroups were identified can be conveniently classified under three main headings: (a) general, (b) personality, and (c) cause of pain. In all cases comparisons between the various subgroups were made using analyses of variance. (a) General: The general factors examined were sex and whether the patient typically stayed at home during the day or went out to work.
The 16 female patients studied showed a significant (50% level) tendency to rate their pain as more intense than the 25 males rates theirs. The females also showed a diurnal variation significantly different (0.1 % level) from that of the males in that the rise in their rated pain over the day was of the order of three times as large as (Fig 1) . However, because of the nature of the subjective ratings of this kind, it is impossible to conclude either that females are more sensitive to pain or that their pain rises more rapidly over the day. It is possible that the difference is due simply to a differing interpretation of the visual analogue scale by the two sexes rather than to any real difference in the pain experienced. The 'shape' of the diurnal variation for males and females was essentially the same, a fairly linear rise over the day.^Only when the 'shape' of the graph relating reported pain to the time of day differs can we be certain there is a difference in the diurnal variation of pain. Nevertheless, if these differences between males and females were entirely due to varying interpretations, then the female patients would have to have interpreted their average position and their range of pain on the scale differently. The fact that males and females reported their pain as being very similar at 8.00 suggests that the differences may not be entirely artifactual.
The next factor examined was concerned with differences between those patients who went out to work during the day and those who stayed at home. Originally this factor was concerned simply with whether the patient had retired or was still working, females staying at home but doing housework being considered as working. However, it was quite apparent from the preliminary analysis of the results that the diurnal variation of pain in housewives was more like that of re- (Fig 2) . Reported pain intensity and the nature of the, diurnal variation of the 18 patients who went out to work differed significantly (0.1I% and 0.5 % level respectively) from that of the 23 patients who stayed at home. The reported pain of those who stayed at home rose rapidly from 08.00 to 12.00 and then remained relatively constant over the rest of the day. In contrast, the reported pain of those patients who went out to work decreased from 08.00 to 10.00 and remained below the 08.00 level until shortly after 16.00. It is interesting to note that the reported pain of this latter group was coDsiderably lower than that of the patients who stayed at home, even in the evening, when both groups were presumably at home. This difference cannot be attributed to different interpretations of the scale since both groups showed a similar rating at. 08.00 and the 'shape', not merely the degree, of the idiurnalvariation differed. Further, similar differences were found when the comparison was limited to males and females. In order to check at e the differences associated with sex or gwing out to work were not confounded with personality difference (or vice versa) the extroversion and neuroticism scores of these subgroups were examined. There was no significant difference in personality scores between subgroups, indicating the reported differences were uncontaminated by one another. (b) Personality factors: The Eysenck Personality Inventory administered to the patients in this study yields scores on the personality dimensions of extroversion (E) and neuroticism (N) . It also yields scores on a lie scale (L) which is essentially a check on whether people 'fake good' on the E and N scores. The L scores can be considered a measure of social conformity. In the present sample of patients, 18 had E scores of 13 or less and could be considered to be relatively introverted, and 19 had scores of 15 or more and could be considered as relative extroverts. In order to equate the numbers of patients with high and low E scores with the introverted and extroverted groups thus defined, one patient an E score of 15 was omitted from the analysis. A significant difference (5% level) was found between the diurnal variation of pain in introverts and extroverts. This difference appeared to be largely due to the fact that introverts reported rather more pain than extroverts between the hours of 10.00 and 14.00 but approximately the same amount at the other times of the day (Fig 3) . Finally, it should be noted that the groups were not extreme extroverts or introverts, only the middle 5 patients having been omitted from the analysis, and that this difference between introverts and extroverts was not influenced by the other factors found to affect the diurnal variation in pain.
The diurnal variation in pain was also found to differ significantly (1 % level) between neurotics (N scores of 13 or more) and stables (N scores of 11 or less) (Fig 3) . Again it should be noted that these terms ate used in a relative sense, 36 of the 41 patients having been assigned to one group or the other. As in the extroversion dimension the stable group reported more pain between 10.00 and 14.00 and much the same pain as the neurotic group at other times of the day. This difference is somewhat unexpected since we can find no evidence in the literature indicating that the circadian rhythms of these groups differ on any other parameter. Nevertheless this difference is fairly large and cannot be accounted for in terms of the other factors found to influence the diurnal variation in pain.
(c) Cause of pain: Two factors wereconsidered under this heading: first the cause of pain and, second, whether or not the patients were taking some form of treatment and, if so, whether this was on a regular or irregular basis. Of the 41 patients, 8 were suffering from postherpetic neuralgia, 5 from cancer, 8 from low back pain and the remaining 20 a general group of conditions such as phantom limb, atypical facial neuralgia and causalgia. There were no discernible differences in the diurnal variation of reported pain by these four subgroups. However, since there were relatively few patients we were unable to conclude that the cause of pain has no effect on its diurnal variation. Nevertheless, it would appear that, if the cause of pain does have an effect, it is relatively small in comparison to that associated with the other factors discussed.
Fourteen of the patients were not taking drugs to relieve their pain. Of the remaining 27 patients, 17 were taking drugs regularly (i.e. 4to 6-hourly intervals), 6 were using a transcutaneous stimulator when required, and 4 were taking drugs when required. Since both the last two categories were receiving irregular treatment, albeit of a different nature, they were considered a single group for the purpose of analysis. No significant differences were found between the three subgroups thus formed, either in the level of ieported pain or in the nature of the diurnal variation. Again, this is not to say that the differences would not be found in a larger scale study.
Relationship Between Pain, Temperature and Alertness Individual correlation coefficients were computed for each patient between his 56 pain ratings, alertness rating and temperature. The average correlation between pain and alertness was effectively zero (+0.02). The average correlation between pain and temperature was also effectively zero (+0.05) thus not supporting previous studies, which showed a positive correlation (Kleitman 1963) .
Discussion
The results indicate that the pain reported by these patients showed a marked diurnal variation. This variation appeared to be independent of the cause of the pain and whether or not the patient was taking some form of analgesia. The variation was not affected by the regularity of treatment.
Differences in the nature of the diurnal variation were found between patients who went out to work and those who stayed at home; this was also true for patients differing in their extroversion and neuroticism scores. There was also a suggestion that the diurnal variation in reported pain may be rather larger in females than in males, as mentioned above. Previous studies suggest that there is no sex difference in the sensitivity to a painful stimulus (Hardy et al. 1951) .
These findings suggest not only that patients require different amounts of analgesia at different times of the day but also that the patient's personality, environment and perhaps sex should be taken into account. However, since it is known that different personality types show different physiological responses to a variety of drugs it is important that personality factors should be taken into account in studies of circadian variation in drug sensitivity (Shagass & Kerenyi 1958) . Circadian variation of the therapeutic index of a variety of drugs has also been described, albeit on animals (Moore Ede 1973) . This also has implications for the drug dosage required at different times of the day. Effective analgesia will only result if the maximum blood level occurs at the same time as the peak in pain intensity. In view of this the taking of drugs should anticipate peaks in pain rather than wait for them to occur.
The present results have some implications for the treatment of pain. It is clearly advisable to make patients aware of the diurnal variation they are likely to experience in the intensity of their pain, and to encourage those taking drugs when required to anticipate, rather than wait for, peaks in their pain. It also seems advisable to encourage patients, where possible, to engage in some form of activity during the day that gets them out of their homes and in contact with other people. Finally, it seems that when dealing with intractable pain the approach needs to be versatile, i.e. patients need individually optimized treatment.
